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The primary sequence motif HExxH has been found in many zinc-dependent endopeptidases. We show that a larger sig- 
nature comprising this sequence is common to most of the known zinc-dependent endopeptidases, and that the presence 
of the signature can be indicative of membership in the family. A search of the protein sequence databases for entries 
containing the signature retrieved several unexpected potential zinc endopeptidases. 
Metalloproteinase; Zinc; Amino acid sequence; Information system 
The exponentially growing supply of nucleic 
acid and derived protein sequences is beginning to 
make it possible to predict secondary structure, 
and sometimes biological function, on the basis of 
recurrent patterns of primary structure [l]. This 
commentary concerns one family of enzymes for 
which the availability of sequence information has 
grown rapidly over the last few years, the zinc- 
dependent metallopeptidases. We argue that most 
of the known zinc-dependent metallopeptidases 
(with the notable exception of the carboxypep- 
tidases) share a common pattern of primary struc- 
ture, and that the presence of this pattern can have 
predictive value. 
A number of investigators [2-71 have noted that 
zinc-dependent peptidases contain the sequence 
HExxH, which constitutes the core of one of the 
two zinc-binding sites in thermolysin. It is known 
from the tertiary structure of thermolysin that the 
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two histidines participate in the co-ordination of 
the zinc atom, while the conserved glutamic acid is 
part of the active site [8]. All three of the conserved 
residues have been shown to be essential for the ac- 
tivity of neutral endopeptidase (EC 3.4.24.11) [9]. 
A third histidine (His-637 in NEP, or His-231 in 
thermolysin), which was thought to be involved in 
stabilizing the transition state through hydrogen 
bonding, is probably not essential [9]. Therefore, 
the HExxH motif contains all of the residues that 
have been positively identified as part of the active 
site, and could define a unique signature for zinc 
metallopeptidases .
We screened the Swiss-Prot database (version 8, 
July 1988) for the occurrence of the HExxH motif 
in known protein sequences: it was found 92 times 
in 83 different sequences, of which only 15 were 
known zinc-dependent proteases. Obviously, 
HExxH does not define a primary structure pat- 
tern unique to zinc metallopeptidases. In order to 
refine our search, we proceeded to align the se- 
quences of all of the known zinc metallopeptidases 
that contain the motif (fig.1). The alignment show- 
ed clearly that the similarity between the 
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Endopeptidase 24.11 (human, rat, rabbit) 
Fibroblast collagenase (human) 
Stromelysin (human) 
Gelatinase (human) 
Stromelysin, transin 1 and 2 (rat) 
Aminopeptidase N (human) 
Digestive protease (crayfish) 
Surface protease (Leishmania sp.) 
Neutral protease (B. subtilis) 
Neutral protease (Serratia sp.) 
Peptidase N (E. coli) 
Thermolysin (B. stearothermophilus) 
Melanotransferrin (human) 
Tetanus toxin (Clostridium tetani) 
Phytochrome (Avena sativa) 
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Fig.1. Comparison of the primary structures of known and putative zinc-dependent peptidases. Proteins with known proteolytic 
activities are shown above the line, and potential members of the family below the line. Amino acids conserved between family 
members are shaded, and the three residues known to be required for hydrolytic activity are boxed. The alignment from which we 
generated the ‘zinc signature’ used to scan the databases included the following sequences: endopeptidase 24.11, fibroblast collagenase, 
Leishmania surface protease, the neutral proteases of B. subtilis and Serratia, and thermolysin. 
metallopeptidases extended beyond the HExxH 
motif. In particular, none of the enzymes contain- 
ed any charged amino acids (other than the two 
His and the Glu) within a 10 amino acid stretch ex- 
tending from 3 amino acids before the first His to 
2 amino acids after the second His: in addition, all 
of them contained a hydrophobic residue 2 amino 
acids after the second His. Based on these observa- 
tions, we redefined the putative zinc signature as 
(uncharged) -(uncharged) -H - E - (uncharged) - (un- 
charged) - H - (uncharged) - (hydrophobic), and 
screened the Swiss-Prot databank again for pro- 
teins containing this pattern of primary sequence. 
In addition to the proteins used in the original 
alignment (see the legend to fig.l), the search 
retrieved five new entries: (i) a protease from the 
digestive juice of the crayfish, Astacus fluviatilis; 
(ii) peptidase N of E. coli; (iii) phytochromes 3 and 
4 from Avena sativa; (iv) melanotransferrin, a sur- 
212 
face protein belonging to the transferrin family; (v) 
the tetanus toxin, from Clostridium tetani (see 
fig.1 for the primary sequences). 
The sequence of the crayfish protease was 
originally described as having ‘no homologous 
relationship to any of the known protein se- 
quences’ [lo]. A recent report 161, of which we 
became aware after the initial database search had 
been done, has shown that this protease is indeed 
zinc-dependent, confirming the predictive value of 
the sequence pattern. The authors also noted the 
presence in the Astacus protease of the HExxH 
motif. 
E. coli peptidase N has been described as an 
aminopeptidase [ 111, but data on its specificity and 
ionic requirements are still scant. The presence in 
this enzyme of the zinc endopeptidase signature 
makes it a very likely candidate for membership in 
the family. It should be noted that the aminopep- 
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tidase N of higher eukaryotes, which was thought 
to share nothing but a name with the E. coli en- 
zyme, has recently been shown to have a surpris- 
ingly high degree of homology with its prokaryotic 
namesake [7]. Aminopeptidase N has long been 
known to be a zinc metallopeptidase, and does in- 
deed contain the signature [7]. 
It was more surprising to find the signature in 
phytochromes. These proteins can undergo a 
reversible transition between an active (Pr) and an 
inactive (P,) form, as a result of exposure to red 
(Pr, -+ P3 or far red (Pr - Pr,) light. In their 
active form, the phytochromes induce the 
transcription of many genes involved in plant 
growth. Basing his argument on the effects of pH 
and chelators on phytochrome action, Hoober [ 121 
recently proposed that the difference between the 
P, and Prr forms lies in the co-ordination of a zinc 
ion. The presence of the metallopeptidase 
signature certainly re-inforces this notion. 
Whether binding of zinc induces the appearance of 
a phytochrome-specific proteolytic activity (e.g. 
for the inactivation of a repressor or the conver- 
sion of a transcription factor precursor to an active 
form) remains to be investigated. A note of cau- 
tion should be added, since a phytochrome from 
Cucurbita pepo (cucumber) [ 131, while being 
highly homologous to the Avena proteins, is miss- 
ing the second histidine of the signature. Though 
it is possible that a histidine from a different part 
of the polypeptide chain could provide the 
necessary co-ordinating activity, it could also mean 
that the presence of the signature in phytochromes 
is spurious. 
As to the tetanus toxin and melanotransferrin, 
there is (to our knowledge) no indication that they 
may be zinc-binding proteins or have an endopep- 
tidase activity. Our observation may warrant a 
search for such properties. 
Although the pattern we sought for in the pro- 
tein databases did retrieve a number of interesting 
proteins, we cannot say whether it really defines 
the zinc signature accurately. The alignment shown 
in fig. 1 suggests that the use of a pattern taking in- 
to account the conservation of specific residues at 
positions other than those of His and Glu could in- 
crease the selectivity of database searches. For the 
moment, the constraining factors are the limited 
availability of protein sequence and tertiary struc- 
ture information [ 11, and our poor understanding 
of the structural requirements for peptide 
hydrolysis by zinc metallopeptidases. 
Zinc-dependent endopeptidases form a very 
heterogeneous family, with widely differing 
specificities and sensitivities to inhibitors. The 
algorithms used to detect evolutionary relation- 
ships between proteins fail to detect any homology 
between the proteases listed in fig. 1 (except within 
the collagenase family), because the region of 
homology is too short to produce statistically 
significant sets of overlapping alignments; hence 
the initial oversight in assigning the crayfish pro- 
tease or E. coli peptidase N to the family. Only 
more sophisticated methods, such as clustering 
analysis [14], reveal patches of similar secondary 
structures. Yet, a simple signature seems to define 
the family in a unique fashion. Whether this 
reflects a distant evolutionary relationship remains 
a subject for speculation. Carboxypeptidase A, 
which uses a similar reaction mechanism and con- 
tains zinc at its active center, is not evolutionarily 
related to thermolysin, and does not contain the 
signature. Neither, for that matter, do any of the 
many other zinc-binding proteins that have been 
sequenced. 
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